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BACKGROUND OF THE INVENTION 
[Field of the invention] 



The present invention relates to computerised graphic svstems and in na*;™,^. * . 
engine which provides for the manipulation of image daEa! P " d ' SC '° SeS * 9faphics 
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Desktop publishing systems are known in the art which enable a ncpr tn m=.n; rt ..i^f 
as to create or amend a visual image in some manner manipulate vsual image data so 

Known systems generally have the capability of creating black and white imanp* wh;^h M k 
on either a monochrome display, or by use of a black and y^J^t^ ^ 
However, there exists a demand for desktop publishing systems that ooerate in full roio.,r m m ^ < 



20 SUMMARY OF THE INVENTION 



. p y p Dasis » said engine comprising a parallel data Dath fnr 

BRIEF DESCRIPTION OF THE DRAWINGS 

whict Preferred emb ° diment ° f the " resent Mention will now be described with reference to the drawings in 

grfphict en g ": : SChematiC ° f Pri ° r art ima °* manipulation systems which incorporate a 

Fig. 2 is a schematic block diagram of the preferred embodiment of the graphics enqine- 

F.g. 3 is a schematic block diagram of the render processor interface of Fig 2 

F.g. 4 is a schemaUc block diagram of the first-in-first-out register of Fig 3 ' 

Fig. 5 .s a flow chart showing various states of the read address generator' of Fig 4- 

F;g. 6 is a schematic block diagram of the control unit of Fig 2- 

Fig. 7 is a schemaUc block diagram of the run controller of Fig V 

Fig. 8 ,s a schemaUc block diagram of the run length register of Fig T 
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Fig. 9 is a schematic block diagram of the run length counter of Fig. 

Fig. 10 is a schematic block diagram of the ramp generator of Fig. 7; Figs. 11 A and B illustrate the gener- 
ation of the ramp of the generator of Fig. 10; 

Fig. 12 is a schematic block diagram of one of the colour interpolators of Fig. 2; 

Fig. 13 is a schematic block diagram of the interpolator A of Fig. 12; 

Fig. 14 is a schematic block diagram of the interpolator B of Fig. 12; 

Fig. 15 is a schematic block diagram of one of the colour compositors of Fig. 2; 

Fig. 16 is a schematic block diagram of compositor A of Fig. 15; 

Fig. 17 is a schematic block diagram of the compositor B of Fig. 15; 

Fig. 18 is a schematic block diagram of the transparency interpolator of Fig. 2; 

Fig. 19 is a schematic block diagram of the transparency interpolator synchroniser of Fig. 18; 

Fig. 20 is a schematic block diagram of the transparency interpolator A of Fig. 18; 

Fig. 21 is a schematic block diagram of the transparency interpolator B of Fig. 18; 

Fig. 22 is a schematic block diagram of the matte combiner of Fig. 2; 

Fig. 23 is a schematic block diagram of the matte synchroniser of Fig. 22; 

Fig. 24 is a schematic block diagram of the matte delay of Fig. 22; and 

Fig. 25 is a schematic block diagram of the matte calculator of Fig. 22. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As seen in Fig. 1 A, a simple form of image manipulation system takes the form of a general purpose com- 
puter 1 , a graphics engine 10, a work screen memory 30 of typically 3 Mbytes maximum and a screen or monitor 
3 capable of high resolution. In this system images stored in the computer 1 are able to be displayed on the 
monitor 3 and manipulated via the graphics engine 10 and the keyboard (not illustrated) associated with th 
monitor 3. 

Another type of image manipulation system shown in Fig. 1B is associated with a colour laser copier 5 which 
is preferably the CANON CLC500 COLOR LASER COPIER (Registered Trade Mark). The copier 5 includes a 
scanner 6 and printer 7 which are connected to a page store or memory 4. The page memory 4 is typically 96 
Mbytes maximum for an entire A3 size 400 dots per inch (dpi) image. The data rate of this copier is 1 3.35 MHz 
which is substantially the same as a standard video broadcast data rate of 1 3.5 M pixels/second. The computer 
1 and graphics engine 10 are substantially as before. 

As indicated in Fig. 1C, it is possible to combine both the above systems by the provision of a data bus 26 
interconnecting the graphics engine 10, the work screen memory 30 and page store 4. With this configuration, 
a image read by the scanner 6 can be manipulated whilst displayed on the monitor 3 and then printed out using 
the printer 7. 

Fig. 1D illustrates a similar system save that a pan/zoom engine 9 is provided between the data bus 26 
and the work screen store 30 to further increase the nature of the image data manipulations able to be perfor- 
med. 

The system of Fig. 1E is concerned essentially with video images which can be either still video or lines 
of a live video for broadcast or other purposes. Here the graphics engine 10 provides an output (only) to a line 
store 40 which operates on the first in first out (FIFO) principle and which in turn outputs to a triple digital to 
analogue converter (DAC) 41 to provide the necessary output video signal. 

Lastly, as seen in Fig. IF, a inter-active video image manipulation system incorporates the computer 1 and 
graphics engine 10 as before, however, the graphics engine 10 both outputs data to, and receives data from, 
a double bufferred frame store 42. The frame store is able to receive video data from a video source 43 and 
output video data to a video destination 44. 

With the above applications in mind, the preferred embodiment of the graphics engine 10 of the present 
invention will now be described with reference to Fig. 2 and with general reference to an image manipulation 
system of the general type depicted in Fig. 1D. 

It will be seen in Fig. 2 that the graphics engine 10 includes an input data bus 11, which provides a video 
input, and an output video data bus 19. Also included within the graphics engine 1 0 is a render processor (RP) 
interface 1 00, a run length controller 200, and a control unit 300. A data path includes interpolators 400 for each 
of red, green, and blue, a transparency interpolator 600 as well as compositors 500 for each of red, green, and 
blue and a matte combiner 700. An address generator 800 and a write controller 900 are also provided. ' 

Commands enter the graphics engine 10 via the RP interface 100 and both the bus 12 which provides RP 
data and the bus 1 3 which provides RP control. Signal lines 14 provide for direct memory access (DMA) control. 
The control unit 300 accepts two clock signals 15 which include a pixel clock running typically at 13.35 MHz. 
The control unit 300 reads data from the RP interface 100, interprets those commands received, and passes 



EP 0 465 250 A2 



50 



55 



the command operands to the run controller 200, and to the data nath inn,,*;™ ■ * 
operands are also passed to the address oenerato^ 

also responsible for decoding microcode from Zl^'T 9 °°" ^ Unit 300 * 

execution devices within the engine 10. commands, wh.ch is subsequently used by respective 

5 The run controller 200 is initialised with the run lenoth of th* ■ 

unit 300 and produces a linearly increasing numS l^fc^^T by the Control 

run. This ramp is used by the interpolators ^400 to contra! t£ m.l„ P T * 255 ^ the duration of the 

Thegraphics engine 10isconffauredSoD«te^^, 9 * 0p ° n ' 0n ,n b,end commands, 
is an indust* standard. The co.ouSa paired Teen eZZe ^ T*]*?™* which 
10 a blend command, is initialised by the control un f SO^th P I ^ 4 °°' the 9eneral case «* 

path produces a blend between these two co ours «„ rt ?h ' 3 " d 3 " end co,our - The colour data 

the current colour, in the ^^^^^"T^ '"^i" 9 * * 

transparency data path includes a t«SUiJS^^£S ST * ^ * RGBM ° Ut b " S 1 9 " The 
of a transparency b.end command, the £ansp a "enc ^^^^^h^ n, ^ 7 ? , ■ 1116 SimP ' e 0386 
fa transparency and an end transparency The transparent ! T.l * * * ° 0ntro1 Unit 300 with a st ^ 

The write controller 900 provides synchronised read and write slanafe m h.. , 
to synchronise to the pan/zoom engine 9. the write contrrf.£i^ 4J30 ' ° rder 

in all execution units of the engine 1 0 when waitino for J^n 7 I 9 ° sus P end operation 

25 memory 30. The write controller 900 J^^TtSS^^ °\ * the W °* screen 

used by other execution units. * Pipeline of status s.gnals which contains the micro-cod 

**" *■ «~ -Ponen, colours, r d. 
positor 500. The Int^to^^l^SSSi: , ^ * C ° mprisin9 an interpolator 400 and a com: 
so are responsib.e for mLng ^^JZ^tS^T° ^ ^ "« C ° mp ° Sitors 500 

compositors 500 with the mixing ^0^^" 7 T 7 °° Pr ° VideS the C °'° ur 

. The matte output is also fed to the red composito 500 wh^T tUT" POSSiWe ^erincy sources. 
'5 to the matte plane, to be written to the red p I ™ instead ^ Wh, ' Ch W ° U,d have been writt ^ 

wiH n?;^ ^ 9raPhiCS «*- of the various components thereof 

» corned is complete, the graphics InJct^n s ini^ the 

the address generator 800 proceed in parallel anri JmIZT f , * 9 aL The da,a Datn 4 ° n /500 and 
the pixel clock PXCLK 15 A new pixel te ^ll * £ „ P ' Xe ' 3fter 3 minimum of six c,ock P-riods on 
unless stalled by a peripheral devic ^n^^B^r!?'™ 01 * T' 6 ** 1,16 dUratfon ° f the inst ™«°" 
150 (Fig. 10 to be described hereafter wKmn ,2 run ™2T 1 °- f I hrOU9hout instruction, a ramp generator 

« 0 to 255 and indicates to the c^SS^^l^T^ 2 ^ SUPP " eS 3 "' near,y increasin 9 "umber from 
controller 900 interfaces to the pixe°rnemor^ 4 30 orthT ? " C ° mP ' eted V ' 3 3 " LAST " si9nal - Th * write 
also interfaces to a further bJTi^^^Z^^J^o 2 - ^ 21 ' ThG ^ COntroMer 900 
track of when and where to read and write pixels ^ ^ WOrkscreen mei "ory 30. and keeps 

ma n£ e r^ 10. These are: compositing com- 

mon type of instruction given to the enafne To 1Z l^Z^TT ' Compositin 9 commands are the most com- 
operations in the page store 4 and on Z VZe en ? v £?"^^ 

used to set up internal or external hardwiSnn ec Zr ^ ^ ^ Confi W*™ commands are 

sation commands are used to k£pT23S^ , 1 ! n ° r T™*" 9 com P° sitin 9 commands. Synchroni- 
hardware events. Table 1 .h«Jft^^•XJ^ Cto ^. to,, ^ hard ware events or externa. 

The source and destination of Wend^De J nnc k " S ^ the ' r res P ective instruction codes, 
the workscreen 3 (WS). Accordingly thte Ire fTr Zl" / ^ ^ ^^'^ pa 9 e "»««> 4 (CM) or 
compositing memory 4 compositing wi W^!ZS^Z «™~ndr compositing within the 

ng w.tnin the workscreen memory 30; compositing from the compositing mem- 
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ory 4 to the workscreen memory 30; and compositing from the workscreen memory 30 to the compositing mem- 
ory 4. During CM to CM compositing, one pixel is read and written in every pixel clock period (75 ns). Reads 
are performed in the first half of the pixel clock periods and writes in the second half. The graphics engine 10 
uses a i pipeline delay system in which data is transferred sequentially between various devices within the 
engine 10. Accordingly, there is a delay between reading the "old" value of a pixel, and writing the "new" value 
of the pixel. For this reason, the compositing memory 4 address changes between the first and second halves 
of the pixel clock period. 

Due to timing constraints in the compositing memory 4, there is one pixel clock period delay between issuing 
a read address, and reading the data at that address. This delay is compensated for by adjusting the position 
within the graphics engine 10 pipeline where the read data is received. The compositing memory 4 also has a 
one clock delay when writing pixel data, but this does not affect the internal operation of the graphics engine 

During WS to WS compositing, a maximum of one pixel is read or written in every pixel clock period (75 
ns). Reads are requested in one pixel clock period, and writes in another. Because of pipeline delays in the 
graphics engine 10, for the same reasons as described above, the workscreen memory 30 address changes 
between successive read and write requests. 

Due to timing constraints in the workscreen memory 30, there can be a delay between issuing a read 
request, and reading the data at that address. Handshake signals from the pan/zoom engine 9 indicate when 
the data is ready. This delay is compensated for by stalling the graphics engine 10 pipeline until the read data 
is received. The graphics engine 10 reads the data from the monitor or workscreen 3 in the clock period after 
the read acknowledge handshake signal is received from the pan/zoom engine 98e 8, in order to be compatible 
with the one clock delay in the compositing memory 4. Latches, (not illustrated and external to the graphics 
engine as earlier described), hold the data during this delay. The workscreen memory 30 can also have a delay 
when writing pixel data. Typically, the first pixel written will not be delayed, as the write request is "posted", 
and performed in subsequent clock periods. The pan/zoom ratio must be set to 1 :1 for WS to WS compositing! 
as will be understood by those skilled in the art. 

CM to WS compositing is used to transfer pixel data from the compositing memory 4 to the workscreen 
memory 30. During CM to WS compositing, a maximum of one pixel is read and written in every pixel clock 
period. Reads are requested from the compositing memory 4 in the first half of the pixel clock period. Writes 
are requested from the workscreen memory 30 during the entire pixel clock period, but the address and data 
are only available in the second half of the pixel clock period. Separate addresses are maintained for the work- 
screen address and the compositing memory 4 address. 

Due to timing constraints in the compositing memory 3, there is a one pixel clock period delay between 
issuing a read address, and reading the data at that address. This delay is compensated for by adjusting the 
position within the graphics engine 10 pipeline where the read data is received. Due to timing constraints in 
the workscreen memory 30, there can be a delay between issuing the write request, and receiving the corr - 
sponding handshake signal from the pan/zoom engine 9 which indicates when the data has been accepted. 
This delay is compensated for by stalling the graphics engine pipeline until the handshake is received. The writ 
address and data will be presented again in the second half of the next clock period until the handshake is 
received. Typically, the first pixel written will not be delayed, as the write request is posted, and performed in 
subsequent clock periods. 

CM to WS compositing can be used in conjunction with a reduction zoom ratio to reduce the size of the 
workscreen image. In a reduction mode, the pan/zoom engine 9 discards pixels from the graphics engine 10, 
and only writes every "NTH" pixel. This is transparent to the operation of the graphics engine 10. as the only 
difference it perceives is that writes appear to be completed quicker. 

CM to WS compositing can also be used in conjunction with a magnification zoom ratio to increase the 
size of the workscreen image. In expansion mode, the pan/zoom engine 9 reads a pixel from the graphics engine 
10. and writes the next "N x N" pixels with the same value. This is also transparent to the operation of the 
graphics engine 10, as the only perceived difference is that writes appear to take longer to complete. Note that 
only the first pixel address in a run is used by the pan/zoom engine 9. The graphics engine 1 0 generates addres- 
ses for subsequent pixels, but those addresses are not required by the current implementation of the pan/zoom 
engine 9. 

WS to CM compositing is used to transfer pixel data from the workscreen memory 30 to the compositing 
memory 4. During WS to CM compositing, a maximum of one pixel is read and written in every pixel clock period. 
Reads are requested from the workscreen memory 30 in the first half of the pixel clock period and writes are 
performed on the compositing memory 4 in the second half of the pixel clock period. If the workscreen read 
has not been acknowledged by the end of the pixel clock period, the pipeline will be stalled. The read request 
will remain pending, and the write to the compositing memory 4 will be repeated at the same address. Separate 
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addresses are ma.nta.ned for the workscreen memory 30 addresses and the compositing memory 4 addresses 
Due to tim.ng constraints m the workscreen memory 30, there can be a delay between 7sslo a r ead 
request, and read.ng the data at that address. Again, handshake signals from the pan/zoom engine 9 indicate 
when the data is ready. This delay is compensated for by stalling the graphics engine pipeline * unt« th read 

no ?J£T r , C0 7° S,t : n ? mem<>ry 4 h3S 3 ° ne d ° Ck de,a ^ when Siting the pixel data, bu Ns does 
not affect the initial operation of the graphics engine 1 0. ' 

WS to CM compositing can be used in conjunction with a reduction ratio to increase the size of the imaae 

3 dH rll'T T he f C ° m r itin9 mem0r/ 4 " thiS m ° de ' the pan/zoom enginT^itialises a workmen 
address dunng the first pixel .n a run. but only increments this address after every "N" pixel read reoTests^m 

10 the graph.cs engine 10. This has the effect of expanding each pixel, but is transparent £ *£Z%£££Z%1 
graphics eng.ne 10. Note thatonly the first pixel address in a run is used by the pan/zoom engine 9 ^T^ graph ^ 
acTunt 96nera dreSS6S SUbSeqUent PiXe,S ' bUt th6Se 3ddreSSeS d ° not take thereducLn ERE 

15 eng™e9° ^ C ° mP ° Sitin9 mUSt " 0t be USed in «"*""*on with an expansion zoom ratio in the pan/zoom 
Configuration commands are used to set up internal and external hardware prior to executing compositina 

t XT d :^ 
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to be formed. 

q v * L ° ad l°° m rat ''° ' ;° mma nd passes a Parameter word following the instruction to the pan/zoom engine 
9 via the workscreen address bus. The expansion factor appears on bits 3 to 0 of the parameter and^e reduc 

T T °? bitS 7 10 4 " Timi " 9 f0r the « ansfer is the sa ™ as for a WS write command "and no S 

rl £™2T" " 9th " fi6ld ° f '° ad Z °° m rati ° C ° mmand iS S6t t0 ° ne - Tab,e 2 sh ™ s 1Z zoom 
ora nti° ad GraP ^ C L En ,? i "l (GE) Sa " Confi 9 uratio " command allows various modes to be set within th 

bS w Zin, y ' m ° deS C ° ntained Within 6aCh 9raphiCS inst ™«°"- A 'imited numbe of 

ameTer ' nStrUCt, ° n W ° rd> h0W6ver ' prevents ™ s Possibility. Table 3 shows the load GE configuration par- 

r^» B 'LV h r 9h 4 f^l parameterfollowi "9 the load GE configuration instruction configure the "matte to 

T^^Z^^^^' T" BitS 3 to 0 **• »-™ti configure Cite 

writ I ^ V 1 ?'? u f the wo * screen mem <>ry 30. These write enables provide a way to disable 

S planes ,n the workscreen memory 30. Compositing memory 4 writes are not affected by tTse 

Bi s 6 through «T Wr, ? f enableS i n graphics -actions can a.so disable writes, but not to individua. planes 

Plane BfeTo thro nh'y , ° W ^ * l ° the matte plane ' to be to L red 

•S ™! \ » 9 3 ^ SCreSn COmposi,in 9 aerations to be sped-up in certain circumstances When 
bit map mstruct.ons are used, and the zoom ratio is 1 :1 , these three bits can be set The SBR bit enables th 

bit in ^ T e tT S m0de ' SCfeen rSadS 3re n0t re ^ uested from the screen Kthe appmpril 

b,t in the bit map mask would have disabled the subsequent screen write. If the read is "skipped" thfpfce w N 
consume only one pixel clock period, instead of the three or more required by the currentTptemen^ron^ 

<■ IrS^ 

The SBW bit enables a "skip bit matte writes" mode. This mode disables screen write requests when the 

SEE s^blt matleTar ^ ? * SimP ' y *" «™ »™ -ite enabSs In o^r 

SSTlTntJ o m0d6S l ° fUnC,i ° n """"y with the implementation of the pan- 

feoom engine 9. ,t is necessary to assert a line of the compositing memory 4 control bus 21 in every read or 
wnte cycie. to ovemde the pan/zoom engine's automatic address calculations. The SER and SEW bTts assert 

cor a rt nd o ^ D :^^ 



vidua..™' ^!SZTTflf°^ m ° S \°r h r intemaJ re9iSterS ° f the 9raphics e "9i"e ™ to be loaded indi- 
vidually or collectively The configuration of the load register instruction is shown in Table 4. This command is 
used ,n conjunction w.th the "execute microcode" instruction for testing purposes. Bits 27 ^ughTof me 

3 as defined nZl k ] T reg,Stercan be loaded with the parameter For example, registers 0 to 

ameter ^Tvofca.lfthe "^ " ^ beCauSe 63Ch re 9 ister uses different from the par- 

ITssuIh ^ y " m,crocode " reg,ster would also be loaded, before the "execute microcode" instruction 



55 is issued. 



rnm^nH * 9 ^ 6 re9iSters (t ° be ,ater Ascribed) cannot be loaded using the load register 

^rphiiSnVusfr Ca " ed " mn ,en9th " and " a,t teXtUre 0ffset " r *^> howev -. Set 
The graphics p.pehne uses these registers instead of th usual registers when the "execute microcode" instruct 
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tion is executed. Table 5 provides a description of various registers provided within the graphics engine 10. 

Synchronisation commands are used to maintain the graphics engine 10 synchronised to internal and exter- 
nal hardware events. There are two synchronisation commands, namely no operation (NOP) and WAIT. 

The NOP instruction has no effect upon the graphics pipeline other than to consume one word and one 
clock cycle. It is intended to be used at the end of an instruction stream so that the length of the stream is a 
multiple of four 32-bit words. This ensures that the DMA controller, provided on bus 14 in Fig. 2, and which 
transfers data in four word bursts, will always send the last command. 

The WAIT instruction prevents the graphics engine 10 from executing new instructions untfl one of three 
events occur. Those events are: a hardware restart signal is received, a software restart is received, or the 
graphics pipeline becomes empty. Options to the instructions select which of the events will restart instruction 
execution. Pixels from the previous instruction which are still in the graphics pipeline, are not effected by this 
instruction. 

The hardware restart option allows the graphics engine 10 instruction execution to be synchronised to 
external "real-time" events. This is required when performing a "test scan" where the graphics engine 10 is used 
to copy an image from the compositing memory 4 to the workscreen 3, while the scanner 6 is writing to the 
page memory 4 simultaneously. The graphics engine 10 and the scanner 6 operate on opposite halves of the 
page memory 4, and swap over every eight lines. The instruction stream presented to the graphics engine 10 
is separated into multiple strips of eight lines. A single WAIT instruction is inserted between the compositing 
commands for each strip. This forces the graphics engine 10 to wait for the scanner to M catch-up" before pro- 
ceeding to the next step. 

A software restart option allows the computer 1 to be synchronised to the graphics engine 10 instruction 
execution. If the computer 1 needs to perform certain tasks between groups of graphics instructions, a WAIT 
instruction can be inserted between the groups. When the graphics engine 10 reaches the WAIT, an interrupt 
is optionally generated, and the execution of the new instructions is suspended until the computer 1 writes to 
a CONTROL register with the RESTART bit set, as will be discussed later. 

The pipeline empty restart option allows the graphics engine 10 to wait-until the previous instruction is fully 
completed before starting a new instruction. This instruction is generally not required in normal operation. It is 
only required if a design error allowed neighbouring i instructions to effect each other. Table 6 shows the bit 
relationship of the WAIT instruction. 

In addition to registers provided for the DMA bus 14 in Fig. 2, registers are also available for the computer 
1 to interface with the graphics engine 10. Table 7 lists internal registers of the graphics engine 10 showing 
the relative address, size and whether the respective address is readable or writable. The COMMAND register 
provides an alternate mechanism for writing graphics commands to the graphics engine 10. Writing to the COM- 
MAND register places the input data on the top of a FIFO 150 within the RP interface 100, and is effectively 
the same as writing via the DMA bus 14. The status of the FIFO 150 should be read from the STATUS register 
before writing to the-COMMAND register, to ensure that the FIFO 150 is not full. Writing graphics commands 
via the COMMAND register is relatively slow, as it is not expected to be used in normal operation. It does, how- 
ever, provide a means of "single stepping" the graphics engine 10 for debugging and self test purposes. The 
FIFO 150 can also be written one word at a time. The control unit 300, however does not read the FIFO 150 
until it contains at least four words. Table 8 shows the arrangement of the command register. 

The CONTROL register is used for setting interrupt , masks, clearing interrupts, and enabling various test 
modes, and includes a bit configuration as shown in Table 9. 

The HIE bit is the hardware interrupt enable. If set to a 1, the computer 1 will receive an interrupt when the 
graphics engine 10 receives a WAIT command when the "hardware restart" option is enabled. This interrupt 
is cleared by writing a 1 to the CHI bit (even if the graphics engine 10 is stopped). The setting of the HIE bit 
can be read from the STATUS register. 

The EIE bit is the "ERROR" interrupt enable. If set to a 1, the computer 1 will receive an interrupt when 
the graphics engine 10 detects an error condition. This interrupt is cleared by writing a 1 to the CEI bit, until a 
new error is detected. An error is detected if a hardware restart or a software restart is received when the 
graphics engine 10 is not in the STOPPED state. In the case of a hardware restart, this indicates a loss of 
synchronisation with the external real time event The current setting of the EIE bit can be read from the STATUS 
register. 

The RST bit is used to restart the graphics pipeline. When this bit changes from a 0 to a 1, the graphics 
pipeline is restarted. 

The SWR bit is used to generate a software reset When set to a 1, the entire graphics engine 10 is reset 
to the power on reset condition. The SWR bit does not need to be cleared by a programmer, as the CONTROL 
register is also reset. 

The SEE bit is the "stop on error" enable. If set to a 1, the graphics engine 10 will enter the STOPPED 
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condition if an error is detected. 

Six bits designated TMn are used to enable test modes in blocks within the graphics enoine m tmo • 
used to put the run length counter 220 into a test mode as will be discussed later TM1 s? S ed to Lt paae and 
screen address counters, within the address generator 800 into a test mode, as will al o be discSs ed^er 

The STATUS register ,s used to monitor the interrupt flags and the FIFO 150 status to read the verier, 
number, and to read the status of the various test modules. Tab.e 9 shows the configurator^ of the status " g T 

Q.r Th w c.1' S E E ' E bitS refleCt the St3te ° f ,he intermpt masks set in the CONTROL register The HIF 

» "i^jzzzzs fla9s - ,f these fla9s are set - and ~—*o — pt szztjz 

Pn» wl 8 ^ k'V S S ? Wh !. n K he 9raPhiCS en9ine 1 ° feCeives a WA,T command with the "software restart" option 
enable. This bit is cleared by writing a 1 to the CSI bit in the CONTROL register 

15 in thlco^TRO^egis^r " COndm ° n " det6Cted - ThiS h ^ * 3 1 to the CEI » 

T^e ta W h hef !H he RF ? 1 50 IS fU "' indiCatin9 th3t the COM MAND register should not be written 

The <f R bit is set when the graphics engine 10 is running. Running is defined as "not waiting and the FIFo' 
1 50 is not empty", (i.e. when the graphics engine 10 is executing an instruction) 

FIFO 150° T^fn^eflectr^ "T?'"' "T ^ RP C ° ntr °" er ^ deteC,S a " ° Ver ™ COnditi °" *» 
MfO 150. The TSn bits reflect the level of a number of internal modes which are used during testing bv the 

dev.ce manufacturer during manufacture of the graphics engine 10 using LSI technology The Vrtb £ Jll 
the version number of the integrated circuit (LSI) chip. technology. The Vn bits contain 

The graphics engine 10 inputs and outputs can be classified into four categories- 

SEE computer 1> and in the preferred embodiment - lhe computer is an i96 ° ««■ 

2. Page memory 4 interface signals; 

3. pan/zoom interface signals; and 

4. other interconnect signals. 

30 Table 10 provides a list of each of these signals. 

r M H ThS C ° mpUl f 1 (i960 > can access the graphics engine 10 in three ways, either by DMA writes register 
^n^:^'^^ interf f Ce U iS USSd 10 tranSfer ^ <~ d * fromThe memoC 

he graphics engine 1 0 whenever the FIFO 150 has room for at .east four 32-bit words. The DMA c^ntroLr of 
ZZZTl s^seguenUy acknowledges the request and writes four 32-bit words of data ina S e bu ° 
rT M of the comn ° Tt P ,he k tranSfer fe determined ^ the access time of the memory (usuaMy dynamTc 
™^!n ,h P ■ ^ betWee " aCC6SSeS is dete ™ned °/ the available bandwidth of the bus into 
enlf nV C °Tf \ 3nd 9raphiCS e " 9ine 10) - ,f no other DMA <*annels are operating the £2£ 
™ J< i flUan, b T ad f 3St 5 ° % 3CCeSS l ° thiS buS - Assumin 9 most accessa * to the computer 1 arTbuS 
dock cvc^ TrT L ^ f 10 9raPhiCS 6n9ine 1 ° iS -PP^xfcn-dy 432-bit words eTery 26 pmcesso 
whtu's^^ 

anda^-™^ 

h a „H Th !,!T te , rfaCe betWee " thS 9raphiCS en9ine 10 and tne compositing page memory 4 preferably has a 
per od W, (75 ^aT a^T "T^f PerSeCO " d - ° ne 32 - bit »** * read and «2n ^ <££ 
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ing the data at that address. This delay is compensated for by adjusting the position within the graphics pipeline 

of the engine 10 at which the data is accepted. 

Furthermore, in order to relax timing constraints on the graphics engine 10, a one clock delay is inserted 

between issuing a write, and when the write is actually performed. This delay is transparent to the operation 
5 of the graphics engine 10. 

The interface between the graphics engine 10 and the workscreen 3 uses the same address and data bus 

as used to read and write to the compositing memory 4. The workscreen memory 30 is shared between an S 

Bus device, display refresh, and reads and writes from the graphics engine 10 via the pan/zoom engine 9. As 

a result, there is a delay between issuing a read request, and reading the data at that address. Handshake 
10 signals from the pan/zoom engine 9 indicate when the data is ready. This delay is accounted for by stalling the 

pipeline of the graphics engine 10 until the read data is received. The workscreen memory 30 can also have 

a delay when writing pixel data. Typically, the first pixel written will not be delayed, as the write request is posted, 

and performed in subsequent clock periods. 

The preferred hardware implementation of the graphics engine 1 0 can now be described having introduced 
is various control functions that the graphics engine 10 provides. Not all hardware components are described in 

detail as some perform functions that are readily identifiable from their name and hence are readily understood 

by those skilled in the art. 

Unless otherwise stated, all latches and fiipflops to be referred to use the main pixel clock signal PXCLK 
(operating at 13.35 megahertz). Enable signals do not clock these devices directly, or gate the clock, but simply 
20 select new data via a front end multiplexer which would otherwise recirculate old data. The various modules 
of Fig. 2 can now be described. 

The render processor interface 100 of Fig. 3 is responsible for controlling and monitoring the status of the 
graphics pipeline of the engine 1 0 from the computer 1 which is preferably an i960 processor. All control signals 
between the graphics engine 10 and the computer 1 are synchronous to the computer clock HCLK. The RP 
25 interface 100 resynchronises the signals to the pixel clock (PXCLK) which is used by the remainder of the 
graphics engine 10. The RP interface 100 is divided into a control block 120 and a first- in-first-out shift register 
(FIFO) 150. 

The RP controller 120 is not shown in detail but generally includes an address decoder, a control regist r, 
a status register, an interrupt controller and a DMA controller. The address decoder generates register select 

30 signals for the control register, the status register and the command register. The control register, when select d 
by the address decoder is loaded with data from the computer 1 which is used to configure the interrupt, 
synchronisation, and test modes as earlier defined. The control register contains resynchronisation flip-flops 
to synchronise to the pixel clock PXCLK. The status register allows the computer 1 to monitor interrupt flags, 
the status of the FIFO 150, and other internal conditions as defined earlier. The status register also contains 

35 circuitry to regenerate synchronised reset signals and status outputs. The interrupt controller combines interrupt 
flags from the status register where the interrupt enables from the control register to produce the output INT of 
i the interface 100. The DMA controller generates a DMA request when ROOM_44, seen in Fig. 3, indicates 
that the FIFO 1 50 has room for four more words from the computer 1 . When the computer 1 grants a DMA cycle 
via the DACK signal, a new word is written into the FIFO 150 in each processor clock period where NEXT is 

40 asserted. If a DMA acknowledge is received when a DMA cycle has not been requested, an error condition is 
generated. A WRITEFF signal is asserted for each valid DMA word. 

The FIFO 1 50 as seen in Fig. 4 uses an eight word 32 bit dual port RAM 1 70 to interface the computer 1 
with the pixel pipeline within the engine 10. A write address generator 155, synchronised to the processer clock 
PLCK interfaces the computer 1 to the RAM 1 70. A read address generator 1 60, synchronised to the pixel clock 

45 PXCLK interfaces the RAM 170 to the pixel pipeline. Handshake signals between the two address generators 
are synchronised in each of their respective receiving circuits. 

The write address generator 155 operates synchronously with the i processer clock PCLK to produce an 
address and a write pulse to the RAM 170. The generator 155 also generates a signal to indicate when there 
is room for four more words, and two signals to indicate when the two halves of the FIFO 150 contain valid 

50 data. The FFMT output provides an indication to the computer 1 via the status register of the RP Controller 
120 that the COMMAND register should not be written. 

The generator 1 55 is implemented with a three-bit counter which is reset to 0 when the RP_RESET signal 
is asserted. The counter increments when the WRITE_FF signal is asserted. 

The read address generator 160 operates synchronously with the pixel clock PXCLK to produce an address 

55 to the RAM 170. The generator 160 provides a signal to indicate when the FIFO 1 50 is empty and two signals 
to indicate when the two halves of the FIFO 150 have been read. The generator 160 is implemented with a 
four-bit state machine which is initialized when the PX_RESET signal is asserted. 

Fig. 5 shows a state transition diagram which Dlustrates how the address and the "empty" signal (MT) are 
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generated within the read address generator 160. 

The control unit 300, seen in Fig. 6, interfaces the render Drocesser FiFn iwtMi, 
unit 300 consists of instruction and microcode reaisteTs 3o7 a nH ?in f 9raph ' CS pipelirie - The 

instruction decoder 350. The instruct Ureter So ' mStruct,on '"terpreter 320, and an 

the registers 305 and 310 in S™^'^^^? ""J '°ading 

instruction register 310 to produce a ^ 35 ° USGS the 

instruction is detected, the norma, instruction decors bypassed by^°S h "3 " E>UJC ° DE " 

This code is used for test and debug purposes D VP asse « *>V the data m the micro-code reg.ster 305. 

data must involve the interpretation and decoding of various commands deVe '° Ped Wh,Ch when read,n 9 

polation ramp, and to indicate when the^ast ^iS n fm„ c k the 9 enerati °n of an inter- 

is reouired that the run ooS^^KK'^ IZlTs^TllTlT^ * 
indicator. The run length is loaded from the FIFO ih k P ' V3l ' d ,nd,cator ' an <« a stall 

cyc.es, including ^S^^ Z^ZT^S "XT*' ^ COunter220 Cerements in all 
retains the current value. When th S ^ o ™ S^?" ^""J 5 S"* 00unto ' 
the run length is 1 . ,n this case, the LAST signa, ZZ^J^^?™^^^ 

individual units «/hfch operate on selective Wljfof it,. , ™ T/?' re|>res * n " n 9 lhe '""!!<"• » '<>"' 

ROM 26 0 »n,en oo^nL a ^CSS^.^iS^lKSS.'S « SSTlt' 

word are sudd ed to a suhtranfrir rnMc-n occ . . . , . K ,y LU All 13 bits of the 

supply a further iJ^^S^w^^SS ^RU ThLT ' ^Y^'^ * " ^ — 
mode detector circuit 275 which representsTfive inpt OR al~^2 S,9n,fiCant ^ SUPP ' y 3 

ROM 260. CONSTI 265 and CONST2 ?7n 93 P'ov.des a jump signal. The outputs of 

fed back to the summer 2?0 ^^ZS^^i^^ 0 ' ^ ^ ^ th3t 3,1 16 bits are 

earner, the most sTgXcant brt bit ^ ll^eed^ ?o ^ *° the mUltiplexer 288 ' As indicated 

« to the flipflop 294. ' ^ l ° SW ' tCh the mult 'P'exer 282 as well as supplying an input 

updated ^iS^SSS^^ ^ the r3mp ° Utput ° f the 9enerator 250 * '°™ d - Note that an 
the run length is 

55 mode is determined by an examina inn If L r ? • t he " the mn ,en9th is 9reater tnan 25S - The 
ramp value will increaL by a^eas on. T°? S ' 9nrfiCant bitS ° f the ,eng,h - ln mode - the 

a maximum J£^£££ZS ^ d ° Ck ^ ,n the *P ™ de . *• ramp value increases by 

When in the jump mode, the output value from the ROM 260 is added to the accumulator 292 which is 
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initialized to zero by the START signal. The most significant bits of the accumulator form the ramp output as 
can be seen from Fig. 10. 

When in the step mode, the generator 250 applies an algorithm similar to Bresenham's line drawing 
algorithm, which is known to those in the computer graphic arts. The accumulator 292 is initialized with the con- 
5 stant (511 - RL), and the ramp counter is initialized to zero. In subsequent clocks, one of two constants are 
added to the accumulator:- 510 if the accumulator is negative, or, (512 - 2RL) if the accumulator is positive. 
The ramp counter (flip flop 294) is incremented on every clock where the accumulator 292 is positive. Note 
that thestep mode requires the multiplexer 254 to bypass the latch 252 during the START cycle. This allows 
the new value in the CONSTI module 265 to be loaded into the accumulator 292 in the START cycle. The mul- 

10 tiplexers 280 and 282 are shown in Fig. 10 for clarity only. A simpler implementation for the multiplexer 280 is 
a string of AND gates. Similarly, the multiplexer 282 can be implemented as a string of OR gate for the nine 
least significant bits, and a string of AND gates for the most significant bits. 

The colour component data path of the graphic engine 1 0 consists of three eight-bit data paths. Each eight- 
bit path contains an interpolator 400, which also performs colour correction, and a compositor 500. The red, 

15 green and blue interpolators are identical. The three compositors, however, are slightly different. The green 
compositor is used by the matte channel in some instructions and the resulting differences in the green channel 
are described later in this specification. The colour interpolators 400 comprise three modules: a synchronisation 
module 41 0, an interpolation phase A 420, and an interpolation phase B 450. The synchronisation module 410 
spans stages 0 and 1 of the graphics pipeline and holds operands for the current instruction, and instruction 

20 operands for the next instruction. The interpolation phases A and B (420 and 450) perform blends and colour 
correction. The two phases are required in order to maintain one pixel per clock cycle. Phase A (420) is in stage 
2 of the pipeline, and phase B (450) is in stage 3. 

The synchronisation module 410 is not shown in detail but however comprises latches and flipflops which 
provide the start colour, the end colour and the pixel value. 

25 The interpolation phase A 420 is shown in Fig. 13 and performs two types of calculations, either blends, 

or colour corrections. Those skilled in the art will appreciate that colour runs are simply a degenerate case of 
a blend when the start and end colours are the same. The phase A interpolator 420 performs calculations for 
the first part of both types, namely 

for blends. C_MULT = (END -START)* RAMP /256 

30 for colour correction, C_MULT = (END*PIXEL/256). 

The interpolator phase A420 comprises a summer 422 which subtracts the START value from the END 
value. The multiplexers 424 and 426 change the inputs to the multiplier 430 respectively. For blend commands, 
the summer 422 has a nine-bit two's complement output which is fed to the multiplier 430. For colour correction 
commands, the END value (which also corresponds to the CONTRAST) is fed to the multiplier 430 when the 

35 sign bit is set positive. In blend commands, the second inputof the multiplier 430 comes from the ramp generator 
250 of Fig. 1 0 and has the effect of controlling the mixing proportion. In colour correction commands, the second 
input of the multiplier 430 comes from the commands pixel string. A new pixel to be colour corrected is loaded 
every non-stalled dock period. Only the top nine bits and the sign of the multiplier output are required. The 
output is a 10-bit two's complement number. Rounding is not performed as a one least significant bit error is 

40 considered acceptable. 

The START_D output contains a delayed version of the START value for the next phase of the interpolator. 
In colour correction mode, the START value is equivalent to the BRIGHTNESS. 

Phase B 450 of the interpolator 400 performs the second part of both of the blends, and colour correction 
calculations, namely 

45 for blends, D_OUT = C_MULT + START_D = ((END-START)* RAMP/256) + START 

for colour correction, D_OUT = (C_MULT*2) + START_D = ((EN D_START)* RAMP/1 28) + START 
It should be noted that rounding errors introduced by the multiplier 430 of phase A 420 lead to an error of 
one in the final value of the- blend. That is 

for END-START>0, D_OUT(FINAL) = END-1 
50 for END-START>0, D__OUT(FINAL) = END + 1. 

The phase B circuit 450 comprises two multiplexers 452 and 454 both supplying a summer 458. The sum- 
mer 458 supplies a limiter 460 which, in turn, supplies the output via a latch 462. The multiplexer 452 changes 
the inputs to the adder 458 to perform the multiplication by 2 for the colour correction function. The most sig- 
nificant bits pass straight through to the adder 458. For blend commands, this has the effect of signextending 
55 bit 8 by one position. 

The multiplexer 454 adds an extra two inputs to the adder 458 to perform a sign-extension for the colour 
correction function, which uses a 8-bit signed format for the BRIGHTNESS. For blend commands, these two 
bits are set to 0, as the START value is unsigned. The adder 458 sums the two 10-bit signed numbers output 
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from the mulfaplexes 452 and 454 to produce a 1 0-bit signed result, and a positive overflow indicator (POV) A 
negative overflow ,s not possible in either blend or colour correction modes. In blend mode to start v2£ h 
always positive, and in colour correction mode, the MULT value is always positive 

The adder 458 output is passed to the Iimiter460 which is used to saturate values greater than 255 to 

OURlouS fie* IT Th,S ^TrTr EFFECTS ^ which sta toCcX 

OUR SOURCE field m the command. The l.miter 460 has no effect in run or blend commands a<4 th^nn 

458 output is always in the range 0 ... 255. The outputfrom the Iimiter460 is l^(JST^no^SS 
clock penod. in readiness for the next pipeline stage. ; ^ 1 ,,ed 

The limiter 460 is not shown in detail as its configuration can be readily derived from the abov* H«,™t.-„ 
The limiter 460 has an input bus range from -128 to +638. description. 

Fig. 15 shows a colour compositer 500 which includes four modules comprising a synchronisation module 
520, a compositing phase A 540. a compositing phase B 560. and a matte multiplexer 580 Th^rhrlT! 
module 520 is in stage 4 of the graphics pipe.ine. .t latches the RGB* data ™ fh T^2ll^^a°2 
workscreen memory (28 or 30) and synchronises it with the pixel pipeline. Com^fng ph^es TaZ ?2n 
and 560 perform a blend between the original value in the external memory, and Z ne^ue tonL^r' 

cornet" 9 T P °T r4 °K PrOPOrti0n b6tWeen ° ri9inal 3nd new is "y The BLEnS bus whTch 
comes from the matte combiner 700. Two phases are again required in order to maintain one "pixel pe'r cloct 
cycle phase. Phase A540 is in stage 5 of the graphics pipe.ine and phase B 560 is in stage ^^^1, 
22»Z2 ° ° WS T?T fr ° m maKe Channe ' 10 bS ° Utput on one «* <* the Stour p^ne\ Th^is 
SX^^^ G ^ ^ Sh0W " — " " «* ~" - - ^e e n S ch T a h nnS 

The synchronisation module 520 is not shown in detail as it merelv latches riata ow~ m ^. 
to provide that data synchronous* with the phase A unit 540. TtoTsX I d^TS rZTS 

o^a^e^^^ 

Phase A 540 of the compositor 500. seen in Fig. 1 6, performs the following calculation- 

C_MULT = (C_ORIG - C_NEW)*BLEND/256. 
Phase A 540 includes a summer 542, a multiplier 546 and output latches 548 and 5«50 ah ™ mm =,„^ 

the adder 542, which, having an inverted input functions as a subtracter is a 9-bit twn', mmn!, mfl nf u 
which is fed to the mu.tip.ier 546. The second input to the mu.tip.ier 546 'c^mes f^S^T^ 
and has the effect of controlling the mixing proportion. A value of 0 represents a fully opaquTcompStino 

™n2r R T S, ' 9n ° f mUl,iP "' er 456 ° UtPUt arS " M » u,wd The is a r b T3s P com P ?ement 

NEW D ouZt " 9 ; S a9a ' n H n< ? t Pe . rf0rmed " 3 ' eaSt S, ' 9nifiCant bit e ™ is ^STS 

^h-as L 560 o ST^? ^■ ton K 0 ' Va,US f ° r thS Ph3Se (56 °> ° f the eonistor 60? 
Phase B 560 0 'Jy°^*tor 500 .s shown in Fig. 17 and performs the following calculation: 

. . , f D -M ULT= C_MULT + C_NEW_D = <(ORIG-NEW>BLEND/256) + C NEW 
Note that roundmg errors introduced by the multiplier 546,in phase A 540 lead to an error of at least one 
for non-opaque compositing. For example: 

when ORIG-NEW>0, 

Q_OUT (fully transparent) = ORIG-1, 

when ORIG-NEW<0, 

D_OUT (fully transparent) = ORIG+1 . 
Fully opaque compositing will always produce the exact NEW value That is- 

Q_OUT(fully opaque)=NEW. 

A wttta'ilS?n^2r T 5 l 2 WhiCh SUmS thS 9 " bit Si9ned number from the ™* P«er S46 in phase 

£ r?n£ 0 ^o 255 asL , 6 ^ ?nn° RIG dS,ay Wp * p 550 a,SO in phase A 540 - ™« "«* is -'ways in 
„ u S m ° ° 25 5 aS *f ""Wositor 500 can only produce numbers between the ORIG and NEW values The 

stge of 2 pjSnf " * ^ ^ in -adinefs^te ou^ut 

700 ^aSlTh'n T S6en FiQ - 2 C ° mpriSeS 3 tra "*Parencv interpolator 600 and a matte combiner 
^^?I^'S^J2. ,M,n fUnC . ti ° nS ' ^ t0 9enerate 3 "end by interpolating be- 

The Sn^inr^P ? f ^ t0 C ° mbine the trans P a ™cy blend with the matte plane. 
nJ^j^ZZZT?^ a ,S Sh0W " in Rg - 18 havi " 9 three modules ind "ding a synchronisation 
^^X^^^uT" a " interpo,3tion phase B 67 °" synchronisation modu.e 6?S 
next fnsSctfon Pta^^ftS h b £2?" ° PerandS f ° r the Current inst ™«°n. "«d latches operands for the 
rem i Zri^ IrH ? hases f A640 and 670 P^orm transparency blends and texturing. Again two phases are 
required ,n order to maintam one pixe. per Cock cycle. Phase A is in stage 2 of the pipe.ine and phase B is n 
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stage 3. 

Fig. 19 shows the various components within the synchronisation module 610. Latches 612 and 614 hold 
the START and END transparency parameters for the next instruction. This corresponds to stage 0 of the 
pipeline. Flip flops-620 and 622 load these values when the START signal indicates the first pixel of a new 
instruction is in progress. A third latch-616 holds the texture start parameter for the next instruction. This is a 
2-bit parameter which determines the byte offset into the initial texture word for texture run and blend com- 
mands. It is loaded into a third flip-flop 624 via a next offset module 61 8 when the START signal indicates the 
first pixel of an new instruction is in progress. A fourth flip-flop 626 holds the texture for up to four pixels in texture 
run and blend commands. The flip-flop 626 is loaded from the data bus DJN in every fourth non-stalled clock 
period. A fifth flip-flop 628 holds the transparency for each pixel value in pixel string commands, and is loaded 
from the data bus in every non-stalled clock period. 

The next offset module 618 is used to control the texture byte offset, and the texture word flip-flop 626. For 
texture run and blend commands, the texture byte offset is Initialised when the START signal is asserted, and 
counts by one in other non-stalled clock periods. When the offset equals 3, the LASTT signal is asserted! The 
texture word flip-flop 626 enable signal is also asserted at this time as well as during the start cycle 

Phase A 640 of the interpolator 600 is shown in Fig. 20 and performs the following calculation: 

TJvlULT = (T_END-T_START)* RAMP/256. 

Phase A 640 includes a summer 642 configured to subtract two input data bytes. The output of the summer 
642 is a 9-bit two's complement output which is fed to a multiplier 644. The second input of the multiplier 644 
comes from the ramp generator 150 of Fig. 10 and has the effect of controlling the mixing proportion between 
the start and end values. Only the top eight bits and the sign of the multiplier 644 output are required. The output 
is a 9-bit two's complement number. Again, rounding is not performed as one least significant bit error is con- 
sidered acceptable. Phase A 640 also has a T_START__D output which contains a delayed version of the 
T_START value provided by a latch 652 for the next phase of the interpolator 600. A multiplexer 646 uses the 
T_OFF signal from the synchroniser 61 0 to select one of the four texture bytes in the T_PIXELS input. In texture 
run and blend commands, a different byte is selected in each pixel clock PXCLK period. In pixel string com- 
mands, the transparency is selected from the T_PIXELS input via a second multiplexer 648. The texture is 
latched (654) to maintain synchronisation with pipeline stage 2. 

Phase B 670 of the interpolator 600 is shown in fig. 21 and performs the second part of blend calculations, 
namely: 

TR_OUT = T_MULT + T_START_D = ((T_END-T_START)* RAMP/256 + T-START. 
Note that rounding errors introduced by the multiplier 644 in phase A 640 lead to an error of one in the final 
value of a blend. That is: 

for T_END-T_START>0,TR__OUT(FINAL) = T-END-1 
for T_END-T_START<O.TR_OUT( FINAL) = T_END + I 
In Fig. 21 , an adder 672 sums the 9-bit signed 

value from the multiplier 644 in Fig. 20 with the 8-bit start value. The result is always a positive 8-bit value 
since it must be in the range T_START ... T_END. A multiplexer 676 selects the output of the adder 672 for 
run or blend commands, or the texture byte for other commands. In bitmap commands, and commands which 
do not have subsequent words, the opaque signal is asserted. This has the effect of forcing the texture to 25S 
(opaque). 

The output from the multiplexer 676 is latched (678) in every non-stalled clock period, in readiness for the 
next pipeline stage. The transparency value from the output of the "opaqueing" module is also latched (680) 
and passed separately to the matte combiner 700. The matte combiner 700 uses this value when the "matte 
source = subsequent" option is specified by the instruction set. 

The matte combiner 700 is shown in Fig. 22 having four modules including a synchronisation module 710, 
a matte calculator 730. a matte delay 720, and a green multiplexer 790. 

The synchronisation module 710 is in stage 4 of the pipeline. It latches the matte plane of the RGBM data 
from the external compositing 4 or workscreen 30 memory in the first half of the pixel clock period. Based on 
this value and the transparency from the transparency interpolator 600, the matte calculator 730 produces a 
blend value for the colour compositors 500, and a new matte value for the compositing memory 28. Matte cal- 
culations are performed in stage 4 of the pipeline. The delay 720 passes the matte value unchanged to the 
green multiplexer 790 to synchronise with the colour components which are calculated in stages 5 and 6. The 
green multiplexer 790 allows the data from the green channel (400, 500: Fig. 2) to be output on the matte plane 
of the compositing memory 4. This is performed in stage 7 of the pipeline. 

Fig. 23 shows the components within the matte synchronisation module 710. A latch 712 produces a 
delayed version of the STALL signal to compensate for the one clock delay in the compositing memory 28. The 
input data from the external memory is asynchronous to the main internal pixel clock PXCLK. It is, however, 
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r «H h T°h n ° U ,f !° th ? ? K K iS2 a ' Wh,Ch iS US8d t0 derive the P ixel c,ock via a NAND gate 714 so the phase is 
fixed. This data ,s latched (716) in the first haif of the pipeline stage 4 P 

The matte calculator 730 is seen in Fig. 25 and performs two calculations- 

BLEND = LIMIT (TR_IN-M_SYNCD) 
M_OUT = LIMIT (M SYNCD-TR IN) 
where LIMIT (a-b) = 0, ifa-b<0 ~ ' 

S »«™ b,ock 750 ' ° r is Dissea s ^ nt - m « * • EESSZ ^tTnv 

Til. components in the bottom naif ol Fig. 25 calculate the M OUT output which Is mitten into »,.„,.. 

ESTpI T S ° UrCe fi6,d ° f ^ inStmCti ° n SpeCifi6S "-bsequenr. Both the B LEND M OUT VALuS « 
latched to synchronise to stage 4 of the pipeline; i vALUtS are 

The matte delay 720, seen in Fig. 24. passes the matte value unchanged to the green multiplexer 790 m 
con^CTn^^^^^ 

pixel clock period. Compositing memoty 4 addresses are provided b a pegT ^TSZT^ZZT 

elceee: p " 9h ■ five sBo * de,ay ,o oompensaK ,or ■>«*■ .^ e ou?a«u h s e 

The write controller 900 of Fig. 2 performs three main tasks, namely 
1. To implemenl additional functionality required for "bitmap mode" instructions- 
3 tZ fnT^! * PP , r ° pria, « <*^» «"» <*«"«• <«« and other status intonation; and 
fikl .di™ «»"ix»«»9 memory 28 and the pan/zoom engine 9 handshake signets. 
■nH 1 H , , h T "eneralor 800. the writ, controller 900 forms functions known to those sWlL in the art 
and a det.,led explanafon ,s not required in the specification. Essentially, the write controller "cTudes*™ 

achil^r^^ * -** « «*-» 10 can be priced to 

textured materials, as textured dents in the background progressively 'fill up" with "paint" cTnvas mn InZ 

matt ^ pUe o JneTmti ^T^" 9 ,' 8 COn,TO,,ed by the difference between »• transparency run and the 
matte plane of the ,mage. The matte plane is changed to. be the difference between the matte value and the 
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run transparency. 

The operation is as follows for n=0 to Run_length-1 

RGB { image) [address+n] 
= ( (T(start) .Matte (image) [address+n] ) *rgb (start) 
+ (256- (T (start) .Matte (image) [address+n])) 
*RGB (image) [address+n] ) /256 

Matte (image) [address+n] 
= Matte (image) (address+n] .T (start) 

where . represents a subtraction operation with underflow limiting. 

The canvas run command is used for compositing object based constant colour "brush strokes" onto a text- 
ured background, where it is desirable to simulate the cumulative interaction between paint and a textured back- 
ground. To achieve this effect, the page matte should contain an image which corresponds to the texture of 
the background. 

The CANVAS BLEND function composites a blend of colours with the image, with compositing controlled 
by the blend transparency and the matte plane. This command simulates the interaction of paint with canvas 
or other textured materials, as textured dents in the background progressively "fill up" with "paint". 

The canvas blend command composites the run length number of pixels of a colour smoothly changing 
from the start colour to the end colour with the image, starting at the page address. The intensity of compositing 
is controlled by the d.fference between the blended transparency and the matte plane of the image. The matte 
plane is changed to be the difference between the matte value and the blend transparency. 

The operation is as follows for n^O to Run/length-1 
Interpolation [n] = n/ (Run__length-1) 
T[n] = Interpolation [n] *T (end) 

+ d-lnterpolation[n] ) *T(start) 
RGB [n] = Interpolation [n ] *RGB (end) 

+ d-interpolation [n] ) *rgb (start) 
RGB (image) [address+n] 
= ( (T[n] .Matte (image) [address+n] ) *RGB [n] 
+ (256- (T[n] .Matte (image) [address+n]) ) 
*RGB (image) [address+n] ) /256 
Matte (image) [address+n] 
= Matte (image) [address+n] .T[n] 

where . represents a subtraction operation with underflow limiting. 

The canvas blend command is used for compositing object based blended colour "brush strokes" onto a 
textured background, where it is desirable to simulate the cumulative interaction between paint and a textured 
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background. To achieve this effect, the page matte should contain an image which corresponds to the texture 
of the background. 

The CANVAS PIXELS function composites a run of pixels with the image, with compositing controlled by 
the pixel transparency and the matte plane. This command simulates the interaction of paint with canvas or 
other textured materials, as textured dents in the background progressively "fill up" with "paint" 

The canvas pixels command composites the run length number of pixels with the image, starting at the 
page address. The intensity of compositing is controlled by the difference between the pixel transparency and 
the matte plane of the image. The matte plane is changed to be the difference between the matte value and 
the pixel transparency. 

The operation is as follows for n=Q to Run_length-1 

RGB (colour corrected) [n] 
= Limit ( (RGB (contrast) *RGB (pixel) [n])/256+ RGB(b ri ght)) 

RGB (image) [address+n] 
= ( (T (pixel) .Matte (image) [address+n]) 
*RGB (colour corrected) [n] 

+ (256— (T (pixel) . Matte (image) [address+n J ) ) 
*RGB (image) [address+n] )/256 
Matte (image) [address+n] 
= Matte (image) [address=n] .T (pixel) 



where . represents a subtraction operation with underflow limiting. 

The canvas pixels command is used for compositing pixel based "brush strokes" onto a textured back 
ground, where it is desirable to simulate cumulative interaction between paint and a textured background To 

35 achieve this effect, the page matte should contain an image which corresponds to the texture of the background 
This command can also be used for simulating screen printing of a natural image onto a textured background' 
The CANVAS TEXTURE RUN function composites a run of colours with the image, with compositing con- 
troMed by the texture and the matte plane. This command simulates the interaction of textured brush strokes 
with canvas or other textured materials, as textured dents in the background progressively "fill up" with "paint" 

40 The canvas ain command composites the run length number of pixels of a colour equal to the start colour' 

starting at the page address. The intensity of compositing is controlled by the difference between the i subse- 
quent texture bytes and the matte plane of the image i The matte plane is changed to be the difference between 
the matte value and the texture bytes. 



50 



The operation is as follows for n,G to Run_length-1 
RGB (image) [address+n] 
= ( (Texture [n] .Matte (image) [address+n] ) *RGB (start) 
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+(256- (Texture [n] . Matte ( image) [address+n] ) ) 
*RGB (image) [address+n J ) /256 
Matte (image) [address+n] 
= Matte (image) [address+n] .Texture [n] 

where . represents a subtraction operation with underflow limiting. 

The canvas texture run command is used for compositing textured object based constant colour "brush 
strokes" onto a textured background, where it is desirable to simulate the cumulative interaction between paint 
and a textured background. To achieve this effect, the page matte should contain an image which corresponds 
to the texture of the background, and the subsequent texture bytes should contain a texture which relates to 
the texture of the paint medium. 

The CANVAS TEXTURE BLEND function composites a blend of colours with the image, with compositing 
controlled by the texture and the matte plane. This command simulates the interaction of textured brush strokes 
with canvas or other textured materials, as textured dents in the background progressively "fill up" with "painf. 

The canvas blend command composites the run length number of pixels of a colour smoothly changing 
from the start colour to the end colour with the image. The intensity of compositing is controlled by the difference 
between the subsequent texture bytes and the matte plane of the image. The transparency values of the start 
and. end colour are ignored. The matte plane is changed to be the difference between the matte value and the 
texture bytes. 

The operation is as follows for n=0 to 
Blend__length-1 

Interpolation [n] = n/ (Run_length-1) 

RGB [n ] - Interpolation [n] *RGB (end) 
+ (1-Interpolation [n] ) *RGB (start) 

RGB (image) [address+n] 
« ( (Texture [n] . Matte (image) [address+n] ) *RGB [n] 
+ (256- (Texture [n] .Matte (image) [address+n])) 
*RGB (image) [address+n] ) /256 
Matte (image) [address+n] 
= Matte(image) [address+n] .Texture [n] 

where . represents a subtraction operation with underflow limiting. 

The canvas texture blend command is used for compositing textured object based constant colour "Brush 
strokes" onto a textured background, where it is desirable to simulate the cumulative interaction between paint 
and a textured background. To achieve this effect, the page matte should contain an image which corresponds 
to the texture of the background, and the subsequent texture bytes should contain a texture which relates to 
the texture of the paint medium. 

It will be apparent to those skilled in the art that the above described functions result in the matte plane 
being changed by either the colour information (transparency) of the image or the texture information of the 
image. Subsequent manipulations are based on the changed matte plane. 

The foregoing describes only one embodiment of the present invention, and modifications, obvious to those 
skilled in the art can be made thereto without the party from the scope of the present invention. 
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TABLE 5 



Reg U NAME 



DESCRIPTION 



0 ST_RE0 Start value of red component for run or -blend. Also used 

as red Brightness. 

1 ST_GREEN Start value of green component for run or blend. Also 

used as green Brightness - 

2 ST_BLUE Start value of blue component for run or blend. Also 

used as blue Brightness. 

3 ST_TRANS Start value of transparency component for run or blend. 

4 ND_RE0 End value of red component for run or blend. Also used 

as red Contrast. 

5 ND_GREEN End value of green component for run or blend. Also used 

as green Contrast. 

6 ND_BLUE End value of blue component for run or blend. Also used 

as blue Contrast. 

7 N0 — TRANS End value of transparency component for run or blend. 

8 P_START__H Horizontal Page Start address. 

9 P_START_V Vertical Page Start address. 

10 S_START_H Horizontal Screen Start address. 

11 S_START_v, Vertical Screen Start address. 

12 UCODE Microcode register. 

13 ALT_RL Alternate run length register. 

14 T_0FF texture offset register. 



TABLE 6 



Bit n 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
Function 0 0 0 1 HWR SWR PLR 
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Claims 
1. 



10 



15 



20 



25 4. 



A graphics engine to manipulate colour image data on a pixel-by-pixel basis enni „ Q „ 
parallel data path for each one of three primary colours of said ZagZatTeaTsaTZl T^" 8 !" 9 " 
cascade connected interpolator and compositor and said date ;1!k P h com P risin 9 a 

cascade connected transparency ^STaT^ S^^^S? J» t 3 
potato, receive colour variation commands, each of said «mHKj^^^^ h X2^ inl ^ 
sa.d p,xel .n turn and said compositors transform said colour input datata ac -<£danr«^ ? a ° h 
mined function the output of which is dependent upon both the Z^^S^^^S^ 
at.on command, and wherein said transparency interpolator receives traZna~^ interpolator van- 
and said matte combiner receives matte plane IpTdaZ 7c, I*"**™ commands - 
a colour blend va.ue and an output omoTiZ^Mi^^i^^.T" 1 T"™ 
in accordance with said transparency variation commands" ? Q :t 

.mage data simultaneously manipulated ascolour, transparency and matte 9 9 ""^ 

A graphics engine as claimed in claim 1 wherein said colour variation commands are selected f mm 
group consisting of blends and colour correction. QS are selecte <l from the 

™Tc^ 

A graphics engine as claimed in any one of claims 1 to 3 wherein <^iH t ran cn a r.n. 
are se.ected from the group conM^^J^l^^^^ M " ds 

5. A graphics engine as claimed in any one of claims 1 to 4 wherein th* tranon,,. 

6. The graphics engine as claimed in any one of claims 1 to 5 wherein at least nart of 

A colour image data manipuiation system including a graphics engine as claimed in any one of claims 1 

A ramp generator comprising: 

means for storing a number (N) as a plurality of bits of information- 

mined^^mtnT 9en6ra " n9 3 ramP -° UtPUt '"^ermined """hnum and a predete, 

mode, said output increases at a rate .dual to or in ix^M-TH^Tl^, I '" Sa '" Jump 

rns3r e,,,0r 35 aaimed eWm 8 °' 8 sald ™"*» "•»•«• the run length o. a graphics 

and saX'aCortesSnT.'Llri; 0 ™ °^ almS 8 ,0 10 wherel " sald *"*«"» « ■ "la 

mode i JS^ttZfZXS " ' S «■— ' ,ha " 255 " - 
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12. A ramp generator as claimed in any one of claims 8 to 1 1 wherein said accumulator comprises a first mod- 
ule for calculating 255/(N-1), a second module for calculating (51 1-N) and a third module for calculating 
(512-2N), there being a first multiplexer connected to a zero vaue and an output of said second module, 
a second multiplexer connected to a constant (510) and the output of said third module and a third mul- 
tiplexer having inputs connected to the output of said first module and the output of said second multiplexer, 
and adder having one input supplied by the output of said third multiplexer and outputting to a fourth mul- 
tiplexer having its other input connected to the output of said first multiplexer, and an accumulating flip 
flop connected to the output of said fourth multiplexer whose output supplied an output of said ramp 
generator and a second input to said adder. 

13. A ramp generator as claimed in claim 12, and comprising a counter connected to the output of said 
accumulating flip-flop and having its count value incremented thereby, and a fifth multiplexer having one 
input connected to the count value output of said counter and the other input connected to said output of 
said fourth multiplexer, the output of said fifth multiplexer being switchable between said count value to 
provide a step mode ramp output and said fourth multiplexer output to provide an alternate, jump mode 
output. 

14. A graphics engine as claimed in claim 3 or claim 5 including the ramp generator as claimed in any one of 
claims 8 to 13 and wherein said specific duration determines the ramp output of the ramp generator. 

15. A desktop publishing system comprising a computer (1), a colour output device (3,7) and a rendering pro- 
cessor (10) arranged to perform rendering operations (e.g. colour fills, mattes, or mixing two images) to 
generate image data supplied to said output device. 

6. A system according to claim 15 which includes a workscreen memory (30) coupled to an image display 
apparatus (3) and a page memory (4) coupled to an image printer (7), said rendering processor(IO) being 
arranged to access said memories (30, 4). 

7. Apparatus for processing image data to provide a colour image output, which comprises means for operat- 
ing upon red, green, blue, and matte or transparency information, wherein separate means are provided 
for each of the colour information and the matte information is processed by one of said colour processing 
means. 

8. A graphics engine including a grading circuit arranged to interpolate across a run of pixels from a first value 
to a second value, said grading circuit including a digital counting circuit arranged to produce a ramp of 
successive values for use on successive pixels. 

9. Image processing apparatus comprising a rendering processor (10) for performing colour and matte oper- 
ations on image data and, coupled thereto, a scaling processor (9) arranged to accept image data and to 
produce output image data of a different resolution corresponding thereto so as to expand or shrink por- 
tions of the image. 
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